The germination of lettuce seeds (Lactuca sativa L., cv. Premier Great Lakes) was significantly inhibited by high temperature (32 C), 0.1 mM abscisic acid or 0.4 M mannitol. Ethylene (16 51A/l of air) partialy reversed the dormancy induced by all three inhibitors but only in the presence of 1 mm gibberellic acid (GA) The germination of lettuce seeds is reportedly dependent upon cellular expansion initiated within the embryo (5). Cellular expansion and subsequent germination are blocked by imposing thermodormancy at supraoptimal incubation temperatures (4). Cellular expansion and germination are also blocked in the presence of a strong osmoticum (5). More detailed studies have revealed localized areas of cellular compression and expansion within the embryos of dormant seeds (4). However, the growth of excised embryos is not blocked at temperatures that induce thermodormancy (2). The seed coat apparently presents a physical barrier to cellular expansion within the embryo which is a prerequisite to radicle elongation and subsequent germination. Certain varieties of lettuce (Grand Rapids) do not germinate without a prior exposure to red light (7). Seeds that do not germinate in the dark are considered to be photodormant. The growth of excised embryos obtained from photodormant lettuce seeds is not blocked in the dark (7). Therefore, thermodormancy and photodormancy are maintained by the intact seed coat. Pavlista (11) has also described a visual deterioration of the seed coat in lettuce that occurs prior to germination. The evidence presented to date strongly suggests that germination in lettuce is regulated through a mechanism(s) responsible for destroying the seed coat.
the ethylene plus GA or lght reversed thermodormancy at 36 C. The dormancy imposed by abscisic acid was also reversed by kinetin. Kinetin was unable to reverse the osmotic dormancy imposed by mannitol. The reversal of osmotic dormancy by ethylene or ethylene plus GA was actually inhibited by kinetin but only in the light. Kinetin apparently stimulates cotyledonary growth in the presence of light, and this growth may compete for certain metabolites critical to radicle growth and subsequent germination. Kinetin and ethylene, as demonstrated primarily in the thermodormancy at 36 C and in osmotic dormancy, appear to regulate a common event(s) leading to germination but through mechanisms unique to each respective growth regulator. The regulation of germination by ethylene is absolutely dependent upon an interaction with GA and/or lght.
The germination of lettuce seeds is reportedly dependent upon cellular expansion initiated within the embryo (5) . Cellular expansion and subsequent germination are blocked by imposing thermodormancy at supraoptimal incubation temperatures (4) . Cellular expansion and germination are also blocked in the presence of a strong osmoticum (5) . More detailed studies have revealed localized areas of cellular compression and expansion within the embryos of dormant seeds (4) . However, the growth of excised embryos is not blocked at temperatures that induce thermodormancy (2) . The seed coat apparently presents a physical barrier to cellular expansion within the embryo which is a prerequisite to radicle elongation and subsequent germination. Certain varieties of lettuce (Grand Rapids) do not germinate without a prior exposure to red light (7) . Seeds that do not germinate in the dark are considered to be photodormant. The growth of excised embryos obtained from photodormant lettuce seeds is not blocked in the dark (7) . Therefore, thermodormancy and photodormancy are maintained by the intact seed coat. Pavlista (11) has also described a visual deterioration of the seed coat in lettuce that occurs prior to germination. The evidence presented to date strongly suggests that germination in lettuce is regulated through a mechanism(s) responsible for destroying the seed coat.
Endogenous phytohormones have been assigned significant regulatory functions in the germination of lettuce (1, 3, 12) . Photodormancy in lettuce can be reversed through a phytochrome reaction activated by red light (8) . Gibberellic acid will substitute for the red light requirement and promote the dark germination of photodormant seeds (6) . Thermodormancy in lettuce is partially reversed by ethylene or kinetin (3, 8, 12) . However, the reversal of thermodormancy by ethylene occurs only in the presence of light (visible or red) or GA (3, 8) . The test seeds incubated at optimal temperatures germinate equally well in the light or dark (3). Kinetin does not require light to reverse thermodormancy at 32 C (3). We have recently found that thermodormancy is not reversed by ethylene plus GA or light at 36 C. Yet, seeds incubated at 36 C for 36 hr will germinate when subsequently incubated at 22 C (3). The lack of induced germination at 36 C cannot be attributed to decreased viability within the seeds. Consequently, we have postulated the existence of an additional regulatory process in germination that is blocked at 36 C. The data reported here indicate that kinetin is an absolute requirement for germination at 36 C.
It was our intention to define further the roles and interactions of ethylene, kinetin, GA, and light in lettuce seed germination. (Table I) . Full germination occurred within 24 hr when the thermodormant seeds were subsequently incubated at 22 C. Therefore, thermodormancy had been imposed at 32 C. Thermodormancy was partially reversed by incubating the seeds under continuous light in 16 ,ul of ethylene/liter of air (Table I) . Negm et al. (10) have shown that the response to ethylene is essentially saturated at 1 to 5 Al of ethylene/liter of air. They found that concentrations of ethylene up to 16 ,ul/liter air were not inhibitory to germination. Table I shows that germination occurred equally well in either the light or dark at 22 C. This variety of lettuce did not become photodormant when incubated in the dark at optimal temperatures. The reversal of thermodormancy by ethylene occurred only when the seeds were incubated in the light (Table I) ; thus, photodormancy was induced at 32 C and superimposed upon thermodormancy. GA partially reversed the induced photodormancy when applied simultaneously with ethylene (Table I) . Ethylene-induced germination was also increased under continuous light by the addition of GA. The ethylene-GA data can be interpreted in the following manner: (a) ethylene must interact with light or GA to promote germination at 32 C; (b) GA and light apparently regulate a common event in germination but through different mechanisms; (c) the dependence of ethyleneinduced germination upon light manifests itself as photodormancy at 32 C.
Kinetin, a synthetic cytokinin, is also capable of reversing thermodormancy in lettuce (Table I) . Reversal by kinetin was not dependent upon the presence of light and/or GA. Kinetininduced germination was significantly increased in the light or dark by the addition of ethylene and GA to the treatment. Neither kinetin nor ethylene reversed thermodormancy when the incubation temperature was increased to 36 C. Germination occurred only at 36 C if kinetin and ethylene were applied simultaneously. Reversal of thermodormancy at 36 C by kinetinethylene also required either light or GA. Therefore, kinetin and ethylene are directing the synthesis or activation of discrete processes (substances) thus must interact to promote germination at 36 C. A secondary interaction also exists between light and/or GA and ethylene/kinetin.
In order to test the universality of the kinetin-ethylene-light/ GA interactions, the same experiments were repeated at 22 C in the presence of two other inhibitors, ABA and mannitol. A dose response study was conducted for each inhibitor to enable the selection of a concentration that significantly inhibited germination throughout the experimental time interval.
Germination was completely inhibited by 0.1 mm ABA in the dark (Table II) . A partial reversal of inhibition was attained under continuous light. Germination in the light was progressively increased by treatment with GA, ethylene, or both. Neither ethylene nor GA reversed ABA-imposed dormancy in the dark. As previously observed in thermodormancy, ethylene only promoted dark germination in the presence of GA. ABA apparently interferes with developmental processes requiring both light and/or GA in conjunction with ethylene. Germination may occur when the collective progress of these interactions reaches a certain threshold level within the seed. This assumption would permit an excess of one regulatory component to compensate for the deficiencies of another within biological limits. The partial additivity observed within multicomponent treatments could be explained by this hypothesis.
Kinetin partially reversed the dormancy imposed by ABA in both the light or dark (Table II) . The reversal by kinetin was always enhanced by the addition of GA. There did not appear to be any significant interaction between kinetin and ethylene unless GA was also included in the treatment. Enhancement of the kinetin-ethylene treatment by GA was observed in the light or dark. The additive increases in germination imply that each phytohormone regulates a unique system which contributes to the total germination process.
The percentage of "atypical" germination in the presence of ABA was very high. Normal germination is characterized by the protrusion of the radical through the seed coat followed by expansion of the cotyledons. In "atypical" germination the cotyledons expand and rupture the seed coat prior to radicle elongation. We postulate that development within the radicle, cellular expansion and elongation, was partially blocked in the presence of ABA. Cotyledonary expansion, initiated at some stage during incubation, eventually ruptures the seed coat and permits further embryonic growth. This particular stage of cotyledonary development is not inhibited by ABA.
Seeds incubated in mannitol under continuous light for 4 days at 22 C did not germinate (Table III) . The incubation imposed by mannitol was completely reversed by rinsing the seeds for 5 min in distilled H20. Therefore, the osmotic inhibition of germination was reversible and constituted a form of dormancy. The reversal of osmotic dormancy reportedly decreases upon prolonged incubation in the dark (9) . This loss was attributed to the progressive decay of an initial photoinductive exposure to red light. We did not observe such a decrease in the germination potential of our dark-incubated seeds. Ethylene partially reversed the osmotic dormancy imposed by mannitol, but only in the light (Table III) . The ability of ethylene to promote dark germination was again dependent upon the addition of GA. However, ethylene-induced germination was maximized in the simultaneous presence of both light and GA.
Kinetin, up to this point in our study, had been the most effective single treatment for reversing induced dormancy. However, kinetin was unable to overcome osmotic dormancy (Table  III) . In fact, kinetin reduced the germination induced by ethylene or ethylene and GA under continuous light. The reduction was almost nonexistent in the dark. The combination of ethylene and kinetin actually promoted dark germination over the ethylene alone.
We noted that ungerminated seeds treated with kinetin in the presence of light always exhibited cotyledonary greening. Cotyledonary greening did not occur when the same treatments were conducted in darkness. Ungerminated controls incubated only in mannitol under continuous light did not initiate cotyledonary greening. The cotyledons of ungerminated seeds apparently become sensitive to kinetin at some time during the incubation period (6) . The 
